Cancer is the second leading cause of death in the United States. Despite the estimated 565,650 deaths in 2008 of Americans as a result of cancer, it is mostly a preventable disease. Simply by modification of diet, maintenance of optimum body weight, and regular physical activity, 30% to 40% of all instances of cancer could be prevented. Modification of diet alone by increasing vegetable and fruit intake could prevent 20% or more of all cases of cancer and may potentially prevent approximately 200,000 cancer-related deaths annually. Because of their safety, low toxicity, antioxidant properties, and general acceptance as dietary supplements, fruits, vegetables, and other dietary elements (phytochemicals and minerals) are being investigated for the prevention of cancer. Extensive research over the past several decades has identified numerous dietary and botanical natural compounds that have chemopreventive potential. In this review, we discuss promising natural chemopreventive compounds, their molecular targets, and their mechanisms, which may help the further design and conduct of preclinical and clinical trials.
INTRODUCTION
Cancer is the second leading cause of death in the United States with 565,650 projected cancer deaths and 1,437,180 new cases of cancer in 2008. 1 In 2005, the global incidence of cancer was 11 million with more than 7.6 million deaths, and is expected to increase to an incidence of 15.5 million with 11.5 million deaths by 2030. 2 The lifetime probability of being diagnosed with an invasive cancer is more than 40%. 1 However, cancer is mostly a preventable disease. 3 The two most important ways to reduce cancer risk are the avoidance of cancer-causing biologic, chemical, and physical agents and the habitual consumption of diets high in foods that protect against cancer. Approximately, 30% to 40% of cancer incidents are preventable by consuming a healthy diet, regular physical activity, and maintenance of optimum body weight, and more than 20% by consuming vegetables and fruits. 3 Chemoprevention, by definition, is a means of cancer control by which the occurrence of the disease can be entirely prevented, slowed down, or reversed by the administration of one or more naturally occurring and/or synthetic agents. The concept of chemoprevention is gaining increasing attention because it is a cost-effective alternative to cancer treatment. The involvement of multiple factors and developmental stages and our increased understanding of cancer at the epigenetic, genetic, molecular, and cellular levels is opening up enormous opportunities to interrupt and reverse the initiation and progression of the disease and provide scientists with numerous targets to arrest by physiological and pharmacologic mechanisms, with the goal of preventing end-stage, invasive disease and impeding or delaying the development of cancer.
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WHY NATURAL COMPOUNDS?
Chemoprevention began in the 1920s with Berenblum 5 and, after a period of relative dormancy, reentered the cancer research mainstream in the 1970s through the work of Sporn. 6 Because of their excessive toxicity and inadequate biodistribution, natural retinoids were replaced with more potent and less toxic synthetic retinoids. The first limited clinical trial with the vitamin A analog 13-cis-retinoic acid (13-cRA) showed a significant decrease in the size of oral premalignant lesions and reversal of dysplasia.
7
The follow-up phase III trial in patients with leukoplakia using initial high-dose 13-cRA followed by either low-dose 13-cRA or ␤-carotene suggested that low-dose 13-cRA was better than ␤-carotene as maintenance therapy. 8 Another phase III trial with high-doses of 13-cRA showed significant reduction in the incidence of second primary tumor (SPT) after 1 year of treatment and the protection lasted for 2 to 3 years. 9 ,10 A number of retinoid trials with mixed results followed.
11-13 The combination of 13-cRA, ␣-interferon, and ␣-tocopherol appeared to be very effective in delaying SPT, 14 and a phase III trial with this combination versus no treatment has been initiated. However, because of patient accrual issues, this trial is currently delayed.
The identification of several biomarkers, including epidermal growth factor receptor (EGFR), cyclo-oxygenase-2 (COX-2), and Ras, which are associated with disease progression, and the discovery of novel targeted inhibitors for these biomarkers has opened new opportunities for chemoprevention. 4 Subsequently, several targeted agents, such as the COX-2 inhibitors celecoxib and refecoxib, the EGFR inhibitors erlotinib and gefitinib, and farnesyltransferase inhibitors have been discovered. [15] [16] [17] [18] However, because of a lack of long-term safety data in patients without the evidence of active cancer, two proposed clinical trials to examine gefitinib and tipifarnib in the reversal of premalignant lesions of the lungs have been discontinued.
Safety is always a primary consideration in studies involving human subjects, particularly patients without evidence for overt cancer. An ideal chemopreventive agent should be nontoxic, effective at lower doses, economical, and easily available. Patient accrual to chemoprevention trials is sometimes a challenge, partly due to the toxicity of the pharmaceuticals investigated. In recent years, natural dietary agents have drawn a great deal of attention both from researchers and the general public because of their potential ability to suppress cancers as well as reduce the risk of cancer development. From multiple epidemiological and animal studies, it was clear that consumption of food rich in fruits and vegetables decreases the occurrence of cancers. [19] [20] [21] [22] [23] Clinicians are also paying increasing attention to dietderived chemopreventive agents as a result of the willingness of patients to use over-the-counter diet-derived agents. Cell culture and animal studies over the past several decades have suggested the cancerpreventive potential of several nutritional compounds, including those found in green and yellow vegetables, citrus fruits, and spices. Since the first primary tumors and SPTs share common host factors (genetic abnormalities, immune function, and hormone imbalances), environmental and/or occupational exposures, lifestyle factors, and gene-environment interactions, these agents should also be effective in the prevention of SPT. However, clinical trials have only recently started to investigate these compounds ( Table 1 ). The chemopreventive properties and molecular targets of selected promising natural compounds are discussed later and summarized in Table 2 .
Tea Polyphenols
Tea is one of the most widely consumed beverages and is rich in substances with antioxidant properties. Different processing techniques yield different types of tea. Although both black tea and green tea have been studied for their chemopreventive potential, green tea showed higher promise and greater efficacy against multiple types of cancer. Epigallocatechin-3-gallate (EGCG) (Fig 1A) is the most abundant polyphenol in green tea and has gained the most attention with respect to anticarcinogenic activity.
Epidemiological studies from different countries and many animal model studies have yielded promising results of green tea and its constituents in reducing human cancer risk in multiple organ Abbreviations: EGCG, epigallocatechin-3-gallate; TRAIL, tumor necrosis factor-related apoptosis-inducing ligand; EGFR, epidermal growth factor receptor; NF-B, nuclear factor-B; COX-2, cyclo-oxygenase-2; VEGF, vascular endothelial growth factor; MMP-2/9, matrix metalloproteinases; IL-12, interleukin 12; FU, fluorouracil; IGF-1R, insulin-like growth factor-1 receptor; Sp, stimulating protein; VEGFR1, vascular endothelial growth factor receptor 1; TNF-␣, tumor necrosis factor ␣; JNK, Jun-N-terminal kinase; CDK, cyclin-dependent kinase; ERK, extracelluar signal-regulated kinase; SOD, superoxide dismutase; mTOR, mammalian target of rapanycin; iNOS, inducible nitric oxide synthase; DR, death receptor; IGF-BP3, insulin-like growth factor binding protein 3; PPAR-␥, peroxisome proliferator-activated receptor-␥; PAFR, platelet activating factor receptor; NO, nitric oxide; eNOS, endothelial nitric oxide synthase. sites. [24] [25] [26] [27] [28] [29] In xenograft models, green tea polyphenols (GTP) inhibited tumor growth and suppressed metastasis of metastasis-specific mouse mammary carcinoma 4T1 cells 30 and reduced tumor blood vessel formation in estrogen receptor-negative breast cancer. 31 GTP extract (PPE) reduced the risk of colon carcinogenesis after azoxymethane insult in rats. 32 These results are consistent with previously published results. 33 A case control study at Mayo Clinic in patients with chronic lymphocytic leukemia (CLL) and other low-grade lymphomas who used over-the-counter products containing tea polyphenols showed that four of these patients had evidence of clinical benefit from these products. 34 On the basis of these findings, Mayo Clinic has initiated an National Cancer Institute-sponsored phase I/II clinical trial of decaffeinated green tea extracts for patients with asymptomatic, early-stage CLL. 34 Several phase I trials of healthy volunteers have also been conducted to define the basic biodistribution patterns, pharmacokinetic parameters, and preliminary safety profiles for short-term oral administration of various green tea preparations.
35-37 The consumption of green tea appears to be relatively safe. A phase I study suggested that up to 1 g of green tea solids (equivalent of approximately 900 mL of green tea) could be safely consumed by patients with solid tumors.
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EGCG was also found to synergistically increase the efficacy of other drugs in cell culture and animal models. Our own study showed that EGCG synergistically increased the efficacy of erlotinib in head and neck cancer models 39 and could "resensitize" erlotinib-resistant lung cancer cells to erlotinib (J. Cardelli, personal communication, August 2008). Accordingly, a phase I/II trial has been opened exploring the possibility that GTP together with erlotinib will be more effective than erlotinib alone as a second-line treatment approach for patients with non-small-cell lung cancer (NSCLC). EGCG also sensitized the tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) -resistant prostate cancer cell line LnCaP to TRAILmediated apoptosis. 40 Because of these promising in vitro and in vivo results, several clinical trials are currently ongoing involving green tea alone or in combination with other drugs (www.clinicaltrials.gov).
Curcumin
Curcumin (Fig 1B) , isolated from the roots (rhizomes) of the plant Curcuma longa, is the major yellow pigment present in turmeric, widely used as a spice. Although turmeric and its chemical components have been used in traditional medicine for thousands of years, it was not until the 1980s that curcumin attracted much attention because of its antitumorigenic activity. Kuttan et al 41 reported that turmeric extract inhibited the growth of Chinese hamster ovary cells, and was cytotoxic to lymphocytes and Dalton's lymphoma cells in vivo. The same group used an ethanol extract of turmeric and curcumin ointment in patients with external cancerous lesions with promising results. 42 Curcumin was shown to interrupt the carcinogenesis process by inhibiting the initiation step or suppressing the promotion and progression stages in animal models. 43, 44 Several studies in rodent models demonstrated the inhibitory effects of curcumin in colon carcinogenesis. 45, 46 Curcumin has been shown to inhibit the initiation and promotion of chemically induced skin cancer 47 and DMBAinduced oral carcinogenesis. 48 Curcumin also inhibits the growth of cancer cells from multiple organ sites in vitro and in xenograft models by inducing cell cycle arrest and apoptosis. 28, [49] [50] [51] Curcumin was also reported to exhibit synergistic chemopreventive effects with other diet-derived polyphenols, such as genistein, 52 green tea, 53 and embelin, 54 and increased the efficacy of many anticancer drugs including fluorouracil (FU), 55 vinca alkaloid, 56 vinorelbine, and gemcitabine. 57 Encouraged by the results of these cell culture and animal model studies, curcumin was brought to clinical trials. In a pilot study, 100% of patients showed a decreased polyp number and size after a mean of 6 months of treatment with curcumin and quercetin. 58 Another phase I clinical trial conducted in patients with high risk or premalignant lesions showed that curcumin was safe up to 8 g/day.
59 A pharmacodynamic and pharmacokinetic study of oral Curcuma extract was also carried out in patients with colorectal cancer.
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Several phase I and phase II clinical trials are now ongoing in multiple centers to study the chemopreventive efficacy of curcumin (www. clinicaltrials.gov).
Resveratrol
Resveratrol (Fig 1C) is a phytoalexin, a major constituent of red wine, and abundant in the grape skin. Table 3 shows the resveratrol content in different wines, juices, and foods. The cardioprotective and chemopreventive activities have brought resveratrol to public and scientific attention. Resveratrol prevented skin cancer development in mice treated with carcinogen and was effective in all three major stages of cancer development. 61 Topical application of resveratrol in mice, both before and after UVB exposure, inhibited skin damage and decreased skin cancer incidence.
62 Prophylactic use of resveratrol reduced the number and size of esophageal, intestinal, and colon tumors. 62, 63 Resveratrol prevented the development of DMBAinduced mammary carcinogenesis, inhibited the growth of MDA-MB-231 xenografts, induced apoptosis of prostate cancer cell lines PC-3, DU145, and LNCaP, and suppressed the progression of prostate cancer in transgenic adenocarcinoma of the mouse prostate (TRAMP) mice.
64-68
In preclinical studies, resveratrol was also effective against a number of other cancer types, including liver, pancreatic, gastrointestinal, lung, and some soft tissue tumors.
28,69-73 Besides its in vitro effects, resveratrol also exerts antitumor activity in vivo and enhances the therapeutic effects of FU in a murine model of liver cancer. 74 It also significantly abrogated benzo[a]pyrene diol epoxide-DNA adduct induction by Benzo[a]pyrene (B[a]P) in the lungs of BALB/c mice.
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A phase I study showed that even 5 g resveratrol was safe after oral administration. 76 Several clinical trials to study the chemopreventive potential of resveratrol are now ongoing (www.linicaltrials.gov). Lycopene Lycopene (Fig 1D) is a natural antioxidant that imparts red color to tomatoes, guava, rosehip, watermelon, and pink grapefruit, and is found abundantly in red tomatoes and processed tomato products. Table 4 shows the lycopene content of several dietary sources. Because of its strong antioxidant properties, lycopene has drawn much attention as a cancer preventing agent. Epidemiological studies have shown that high intake of lycopene-containing vegetables is inversely associated with the incidence of certain types of cancer including digestive tract, prostate, and cervix. [77] [78] [79] [80] [81] Initial evidence suggests that tomato products may help to prevent disease progression in benign prostate hyperplasia, and increases apoptosis in benign prostate hyperplasia and carcinoma. 82, 83 A combination of vitamin E, selenium, and lycopene dramatically inhibited prostate cancer development and increased disease-free survival. 84 A reduction in Dunning R-3327H prostate cancer growth rate was observed in rats fed with diets containing broccoli, tomato, lycopene, and a combination of tomato plus broccoli. 85 A phase II randomized clinical trial of lycopene supplementation before radical prostatectomy suggested that lycopene supplementation may decrease the growth of prostate cancer. 86 Another phase II trial suggested that the combination of lycopene with soy isoflavones more strongly stabilized serum prostate-specific antigen (PSA) levels than lycopene alone in men with prostate cancer. 87 In a cell culture model, lycopene strongly inhibited proliferation and induced apoptosis of prostate and breast cancer cell lines. 88, 89 A reduction in the incidence of aberrant crypt foci after lycopene treatment suggested its role in colon cancer prevention. 90 Lycopene also strongly suppressed the growth of lung cancer cells and was found to be more potent than either ␣-carotene or ␤-carotene.
91 Administration of lycopene during the postinitiation stage reduces the incidence of lung adenocarcinoma in mice. 92, 93 In two large cohort studies, ␣-carotene and lycopene intake were found to be significantly associated with a lower risk of lung cancer. 94 Dietary tomato powder and lycopene supplementations were also found to prevent leiomyoma of the oviduct in the Japanese quail.
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Pomegranate
Pomegranate is widely consumed as both fresh fruit and juice. Although pomegranate fruit was used for various medicinal purposes in ancient times, its chemopreventive property was reported only at the beginning of the current century and has drawn much attention thereafter. The polyphenol-rich fractions from fermented juice, aqueous pericarp extract, or supercritical CO2-extracted seed oil inhibited growth of breast cancer cells, 96 and decreased new blood vessel formation in the chicken chorioallantoic membrane model in vivo. 97 It has also been shown that the pomegranate constituents cyanidin, delphinidin, and petunidin can inhibit the growth of MCF-7 breast cancer cells. 98 Pomegranate seed oil significantly inhibited skin tumor development and promotion in CD1 mice. 99 Treatment with pomegranate fruit extract was shown to induce cell cycle arrest and apoptosis of human lung carcinoma A549 cells, significantly inhibited A549 tumor growth in nude mice after oral administration, 100 and protected A/J mice from carcinogen-induced lung carcinogenesis.
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A number of in vitro and in vivo studies suggest that pomegranate has strong potential for prostate cancer chemoprevention. Pomegranate fruit extract dose dependently inhibited the growth of PC-3 prostate cancer cell lines with the induction of apoptosis, and inhibited CWR22Ru1 xenografts with concomitant decrease in serum PSA levels. 102 Pomegranate extract was found to significantly inhibit the proliferation of LNCaP and human umbilical vein endothelial cells and decrease xenografted prostate cancer size, tumor vessel density, vascular endothelial growth factor (VEGF) peptide levels, and HIF-1␣ expression in severe combined immunodeficiency mice. 103 A phase II clinical trial conducted to assess the effects of pomegranate juice consumption on PSA progression in men with rising PSA after primary surgery or radiation showed significant increase in mean PSA doubling time. 104 The statistically significant prolongation of PSA doubling time, coupled with corresponding laboratory effects on prostate cancer cell proliferation and apoptosis, warrant further testing in a placebo-controlled study.
Luteolin
Luteolin (Fig 1E) is a flavonoid abundant in several green vegetables, such as broccoli, celery, cabbage, spinach, green pepper, and cauliflower, that exhibits a wide array of pharmacologic properties ranging from anti-inflammation to anticancer effects. 105 112 In an animal model, the flavonoid also inhibited tumor promotion against DMBA-induced mammary tumors.
113 Luteolin was also found to significantly decrease colon cancer incidence and the number of tumors per rat when administered at the initiation and the postinitiation stages of carcinogenesis.
114 Well-controlled clinical trials are now warranted to evaluate the chemopreventive potential of luteolin in human subjects.
Genistein
Genistein is a phytoestrogen (Fig 1F) abundant in soybeans and soy products. Multiple lines of compelling evidence from a number of epidemiological studies support an inverse correlation between dietary soy consumption and the risk of prostate, 115 breast, 116,117 and endometrial 118 cancer. The consumption of dietary genistein decreased tumor multiplicity and diminished the incidence of adenocarcinoma in the DMBA model of mammary cancer in rats. 119 The soybean isoflavone mixture consisting of 74% genistein and 21% daidzein was found to inhibit DMBA-induced adenocarcinoma in the prostate and seminal vesicles in rats. 120 Genistein inhibited PCa cell growth in culture by inducing G2/M arrest and apoptosis, inhibited the secretion of PSA, and increased the radiation effect against prostate cancer in cell culture and in orthotopic and metastatic in vivo models. 121, 122 Genistein also potentiated the antitumor activity of cisplatin in BxPC-3 tumor xenografts. 123 On the basis of these observations, several early clinical trials either with genistein or soy products have been completed. A pilot study conducted in patients with prostate cancer and rising serum PSA levels suggested that soy isoflavones may benefit some patients with prostate cancer. 124 Another phase II trial was carried out in PSA-recurrent prostate cancer after previous local therapy, which showed a decrease in serum PSA level from 56% to 20%. 125 Other clinical trials are ongoing to study the efficacy of soy products and genistein in cancer prevention (www.clinicaltrials.gov).
Other Promising Natural Agents
Besides the aforementioned dietary agents, other natural compounds are being actively investigated for their chemopreventive potential, many of which show strong promise. These include ellagic acid, some triterpenes (such as lupeol, betulinic acid, ginsenosides, oleanolic acid), polyunsaturated fatty acids (PUFAs), and ginkolide B. Ellagic acid is an antioxidant polyphenol present in many fruits and vegetables including grapes, strawberries, raspberries, pomegranates, and nuts, that exhibited chemopreventive activity against skin, lung, esophageal, colon, bladder, prostate, and breast cancers.
126,127 Among the triterpenes, lupeol 128 and betulinic acid 129 have been extensively investigated for their chemopreventive activities and showed a broad spectrum of activity against multiple cancer types in both cell culture and animal models. Among the PUFAs, the n-3 PUFAs (linoleic acid and its derivatives) have been extensively studied and exhibited chemopreventive potential in animal models of prostate, breast and colon carcinogenesis, and currently several preventive trials are ongoing against these cancers.
130 Ginko biloba extracts and its constitutent ginkolide B have also been studied for their chemopreventive activities and showed some promise against several cancer types.
131,132
MOLECULAR TARGETS FOR NATURAL CHEMOPREVENTIVE AGENTS
The cell signaling pathways activated by natural dietary agents are numerous and different for different agents. Moreover, the same compound activates different signaling pathways depending on the cell types. The main signaling pathways activated by dietary chemopreventive agents are illustrated in Figure 2 and Table 1 , and described in the following part of this article.
p53 Family Members
The tumor suppressor p53 plays a pivotal role in controlling the cell cycle, apoptosis, genomic integrity, and DNA repair in response to various genotoxic stresses.
133,134 After activation, p53 can bind to regulatory DNA sequences and activate the expression of target genes, which can be grouped into four categories: cell cycle inhibition (p21, reprimo, cyclin G1, GADD45, 14-3-3), apoptosis (PERP, NOXA, PUMA, p53AIP1, ASPP1/2, Fas, BAX, PIDD), genetic stability (p21, DDB2, MSH2, XPC) and inhibition of angiogenesis (TSP1, Maspin, BAI1, GD-AIF). [135] [136] [137] In addition to its transactivation function, p53 can also act as a transrepressor. 138, 139 Because of these roles, p53 has been considered a molecular guardian of the genome.
Many natural chemopreventive agents induce cell cycle arrest or apoptosis by activating p53 and its target genes. EGCG induced the expression of p53 and its target p21 and BAX in prostate cancer cells with wild-type p53, but not with inactive p53. 140 EGCG also activated p53 and BAX in breast carcinoma cells. 141 Luteolin also induced cell cycle arrest and apoptosis and increased chemosensitization by activating p53 and its targets p21, BAX, and PUMA (unpublished data from Munna L. Agarwal). 112 In human breast cancer and bladder cancer cells, curcumin was shown to induce apoptosis through p53-dependent BAX induction.
142, 143 Curcumin also induced p53-mediated apoptosis by activating its mitochondrial translocation. 144 Huang et al 145 reported that resveratrol induced apoptosis only in cells expressing wild-type p53, but not in p53-deficient cells. Resveratrol activates the expression of p21, p27, BAX, PUMA, MDM2, and cyclin G, all important downstream targets. 146 The dietary chemopreventive agent genistein also activates p53 in multiple cell types. For example, genistein induced G2/M arrest and apoptosis in human malignant glioma cell lines by activating p53 and p21. 147 Many natural compounds can also induce cell cycle arrest and apoptosis in cells lacking functional p53. In addition to p53, mammalian cells contain two closely related proteins, p63 and p73.
148, 149 We have previously reported that EGCG induces apoptosis by activating p73-dependent expression of a subset of p53 target genes including p21, reprimo, cyclin G1, PERP, MDM2, WIG1, and PIG11.
150 p73 is also activated in response to EGCG in multiple myeloma cells. 151 Our unpublished results also suggest that the dietary agents curcumin and luteolin activate p73.
Nuclear Factor-Kappa B
Nuclear factor-kappa B (NF-B) is a master transcription factor consisting of closely related proteins that generally exist as dimers and bind to a common DNA sequence within the promoters/enhancers of target genes, called the B site, to promote transcription of target genes through the recruitment of coactivators and corepressors. 152 The NF-B family of transcription factors consists of five members, p50, p52, p65 (Rel A), c-Rel, and Rel B, which share an N-terminal Rel homology domain responsible for DNA binding and homo-and heterodimerization. NF-B is activated by free radicals, inflammatory stimuli, cytokines, carcinogens, tumor promoters, endotoxins, ␥-radiation, ultraviolet (UV) light, and x-rays and induces NF-B target genes important for cellular growth and transformation, suppression of apoptosis, invasion, metastasis, chemoresistance, radioresistance, and inflammation.
Most of the natural chemopreventive agents including curcumin, 153,154 resveratrol, 155 EGCG, 156 lycopene, 157 genistein, 158 and luteolin 108 act as potent inhibitors of NF-B pathways. These compounds may block one or more steps in the NF-B signaling pathway such as inhibition of the most upstream growth factor receptors that activate the NF-B signaling cascade, translocation of NF-B to the nucleus, DNA binding of the dimers, or interactions with the basal transcriptional machinery. The NF-B target genes influenced by the natural chemopreventive agents include inhibition of Bcl-2 and Bclx(L), cyclin D1, matrix metalloproteinases (MMP), and VEGF. and Nrl), and ATF (ATF2, LRF1/ATF3, B-ATF, JDP1, JDP2) subfamilies. 159 These proteins form either homo-or heterodimers and bind either to AP-1 DNA recognition elements (5'-TGAG/CTCA-3') or to cAMP response elements (5'-TGACGTCA-3') and activate their target genes. In addition to being transcriptional activators, an increasing body of evidence suggests that some of the biologic effects of AP-1 are mediated by gene repression.
159 AP-1-regulated genes include important modulators of invasion and metastasis, angiogenesis, proliferation, differentiation, and survival.
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Several natural chemopreventive compounds such as green tea, 160 resveratrol, 161 and curcumin 162 have been reported to suppress AP-1 activation and modulate AP-1 target genes, which is ultimately linked to their chemopreventive potential. Green tea polyphenols inhibit the transcriptional activity of AP-1 in multiple cells types, which is essential for their growth inhibitory effects. 160, 163 Pretreatment with resveratrol inhibits TPA-induced AP-1 DNA binding by inhibiting the nuclear expression of c-Jun and c-Fos. 161 Multiple studies also suggest that suppression of AP-1 activity is important for mediating the proapoptotic function of curcumin. Curcumin reduced cell survival of human glioma cells, which was correlated with the inhibition of AP-1 and NF-B signaling pathways.
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Signal Transducers and Activators of Transcription Pathway
A novel signal transduction pathway to the nucleus has been uncovered through the study of transcriptional activation in response to interferon. 164 Activation of various tyrosine kinases leads to phosphorylation, dimerization, and nuclear localization of the signal transducers and activators of transcription (STAT) proteins, binding to specific DNA elements and direct transcription. So far, seven mammalian STAT family members (STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5B, and STAT6) have been cloned that share common structural elements. Constitutive activation of STAT3 and STAT5 has been implicated in multiple myelomas, lymphomas, leukemias, and several solid tumors. 165 Several dietary agents, such as green tea, Multiple growth factor receptors (epidermal growth factor receptor, insulin-like growth factor 1 receptor, fibroblast growth factor, platelet-derived growth factor receptor) are activated at the cell surface in tumorigenesis. Activation of these receptors activates several downstream signaling pathways. Among these pathways, the Ras-MAPK (such as ERK and JNK) pathways, the JAK-STAT pathways, the PI3K-AKT pathways and the NF-B pathways are important and are the targets of natural chemopreventive agents. Some natural agents inhibit the receptors at the cell surface either by dephosphorylating them or by inducing their degradation, which ultimately modulate the downstream signaling pathways important for proliferation, angiogenesis, and apoptosis. Inhibition of AKT and ERK signaling by natural agents is quite common, although in many cases this inhibition is the result of growth factor receptor inhibition. Inhibition of NF-B signaling pathway by interfering with multiple targets of signaling is another common target of natural agents. Many natural compounds generate reactive oxygen species (ROS), which activate p53 family members and induce cell cycle arrest and apoptosis. EGCG, epigallocatechin-3-gallate; ERK, extracellular signal-regulated kinase.
to growth inhibition and apoptosis in this autochthonous mouse prostate cancer model. 169 PPE also inhibits angiogenesis of breast cancer cells by inhibiting the expression of VEGF and MMP-9 via suppressing STAT3 activation. 166 Resveratrol has been reported to modulate interleukin (IL)-6-induced ICAM-1 gene expression by attenuating STAT3 phosphorylation. 167 Several studies have also demonstrated a role for STAT signaling pathways in curcuminmediated chemoprevention. Prevention of tumor-induced T-cell apoptosis by curcumin was mediated via STAT5A-induced expression of Bcl-2.
170 Selvendiran et al 110 reported that luteolin inhibited phosphorylation of STAT3, which targeted it for proteosomal degradation and inhibited the expression of cyclin D1, survivin, Bcl-x(L), and VEGF.
Growth Factors and Their Receptors
Growth factors are proteins that bind to receptors on the cell surface, with the primary result of activating cellular proliferation and/or differentiation. Several growth factor signaling molecules, such as endothelial growth factor, platelet-derived growth factor, fibroblast growth factor, transforming growth factor, insulin-like growth factor, and colony-stimulating factor are implicated in carcinogenesis. Abnormal growth factor signaling pathways lead to increased cell proliferation, suppression of apoptotic signals, and invasion, contributing to metastasis. As a consequence of growth factor receptor activation, several downstream signaling pathways, most important of which are PI3K-AKT and Ras-MAPK, are activated. These signaling pathways have significant impacts on tumorigenesis and become targets for many natural chemopreventive and chemotherapeutic agents.
Curcumin inhibits the ligand-stimulated activation of EGFR and enhances the growth inhibitory effects of FU and oxaliplatin through EGFR and insulin-like growth factor receptor pathways.
171,172 Decreased expression and activation (tyrosine phosphorylation) of EGFR, HER-2, HER-3, and IGF-1R as well as their downstream effectors such as AKT and COX-2 were observed after curcumin treatment together with FOLFOX (FOLFOX-FU plus oxaliplatin).
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Several studies have also demonstrated an essential role for the inhibition of growth factor signaling for the chemopreventive potential of GTP. EGCG treatment inhibited the phosphorylation of EGFR and its downstream targets AKT and ERK in head and neck cancer and potentiated the effects of the tyrosine kinase inhibitor erlotinib. 176 Growth inhibition and apoptosis of pancreatic tumor cells by luteolin was also associated with the inhibition of EGFR tyrosine kinase activity.
177
Host Factors/Immunoprevention
Immunoprevention is an approach to cancer prevention that aims to stimulate the host immune system to eliminate damaged cells before tumor onset. It is now established that the absence of functional T cells or T cell-derived cytokines, such as interferon (IFN)-␥, enhances the onset of spontaneous and carcinogen-induced tumor. 178 Thus, activation of functional T cells or production of several cytokines, such as INF-␥ or IL-12, might contribute to cancer prevention. Several natural agents have been found to modulate certain host factors, which were important for their chemopreventive potential. GTP prevented UV radiation-induced skin cancer by inducing IL-12-dependent DNA repair, activating cytotoxic (CD8ϩ) T cells, inducing tumor cell apoptosis, and inhibiting angiogenic factors. 179 ,180 EGCG also enhanced CD8ϩ T cell-mediated antitumor immunity induced by DNA vaccination.
181 Tumor-induced immunodepletion caused apoptosis of thymic CD4ϩ/CD8ϩ single/double positive cells as well as loss of circulating CD4ϩ/CD8ϩ T cells. The administration of curcumin to tumor-bearing animals resulted in restoration of progenitor, effecter, and circulating T cells. 170 Genistein modulated immune responses and increased host resistance to B16F10 tumor, which may be related to increases in the activities of cytotoxic T cells and natural killer cells. 182 Resveratrol enhanced IFN-␥ expression in CD8ϩ T cells, leading to immune stimulation, and suppressed the CD4ϩCD25ϩ cell population, rendering the peritumoral microenvironment unfavorable to tumors in tumor-bearing mice. 183 In addition to the tumor cells themselves, host components, including the stroma, an expanding vasculature, and often chronic inflammation, contribute to tumor growth. Thus, targeting these host factors might delay tumor progression. Some natural agents target these host factors. EGCG inhibited viability, capillary tube formation, and migration of human umbilical vein endothelial cells and inhibited angiogenic and metastasis markers (von Willebrand factor, VEGF, CD31, MMP-2, MMP-7, MMP-9, and MMP-12) in a xenograft model of pancreatic cancer. 184 Luteolin inhibited vascular VEGFinduced angiogenesis and tumor growth in vivo in a murine xenograft model. 185 A number of studies also suggest that angiogenesis is the target of chemoprevention by curcumin.
186,187
CONCLUSION AND FUTURE DIRECTIONS
Chemoprevention research has gained momentum through the US Food and Drug Administration approval of tamoxifen and raloxifene for breast cancer risk reduction. Various epidemiological and preclinical findings and the results of several early clinical studies convincingly argue for a definitive role of selected dietary products in the prevention and treatment of cancers. Many of these agents target multiple signal transduction pathways, which vary widely depending on cancer origin. The key challenge to researchers is how best to use this information for effective cancer prevention in populations with different cancer risks. Moreover, low potency and poor bioavailability of dietary agents pose further challenges to scientists. The introduction of synthetic analogs of natural compounds may be a solution for these potency and bioavailability limitations. For example, the synthetic curcumin analog EF24 exhibited approximately 10-fold greater potency than natural curcumin.
154 Some natural compounds have exhibited synergism with established chemopreventive agents or with other natural compounds. Since drug-associated toxicity remains a significant barrier for currently available chemotherapeutic and chemopreventive drugs, using natural compounds (which have better safety profiles) as adjuvant therapy with current chemotherapeutic agents may help to mitigate drug-associated toxicities. For example, genistein was found to sensitize prostate cancer to radiation in animal studies 122 and a recent clinical trial suggested that soy isoflavones could prevent radiation-induced bladder and bowel adverse effects and erectile dysfunction. 188 Because of the advances in our understanding of multistep and field carcinogenesis, the introduction of new technologies for screening and early detection, and the emergence of promising molecularly targeted agents, prevention and therapy are beginning to converge at the level of early-phase clinical trials. 189 The future full convergence of prevention-therapy drug development will open new avenues for natural compounds in reducing the public health impact of major cancers. However, more preclinical studies and clinical trials are certainly needed to validate the usefulness of these agents either alone or in combination with existing therapies. 
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